We present a Scalable Parallel edge 3D Finite-Element Approach to marine controlled source electromagnetic using a multifrontal solver.By using domain decomposition of METIS grid partition technology,we make the most of each MPI processors.In orde to decompose the matrix system and solve right sides for different sources we use a massive parallel multifrontal solver implementation (MUMPS). The result of 3D CSEM matches very well with the 2.5D CSEM.
Introduction
The subsurface lateral variations of conductivity can be strong. Therefore, 3D Controlled Source Electromagnetic (CSEM) can preferably help in prioritizing compartments to reduce risk of appraisal well location (Fanavoll, S., et al. 2010) . For 3D CSEM Forward modeling with edge finite-element, the use of Krylov subspace methods requires special preconditioning to deflate the large kernel of the curl operator, but the appropriate preconditioner is always hard to found. The CSEM multisource forward problem was solved using an iterative method, and the computation time increased linearly with the number of source (right sides). Recent advances in numerical factorization and parallel computational have resulted in factorization algorithms that can be implemented on Electromagnetic 3D problems. Therefore, we can use direct solvers to solve these problems.
The idea of decomposing the matrix system and solving right sides for different sources is not new (Oldenburg et al, 2008; Nuno Vieira da Silva et al, 2012) . These authors use the factorization and distribute the computation over multiple frequencies.Recently load-balancing schemes gives further possibility to improve the efficiency of parallel algorithm.
In this paper we extend load-balancing approach to 3D CSEM forward modelling. We developed a modeling scheme for 3D CSEM modeling with the edge finite element in the frequency domain using a massive parallel multifrontal solver implementation (MUMPS). The electric field was decomposed in primary and secondary components to eliminate the singularity originated by the source term. The primary field was computed by analytical methods and the secondary field was computed discretizing a second-order partial differential equation for the electric field with the edge finite element. The calculation area use domain decomposition of METIS grid partition technology .The solution to the linear system of equations was obtained using a massive parallel multifrontal solver.
Method
This paper has proposed a method of using the Domain-Decomposition method (Figure 1 ). In this way the load balanced cluster efficiency can be maintained. Firstly, we partition the domain into several parts (usually equal to the number of MPI processors) using METIS (Figure 2) ,and then each process assembles its own contribution to the global linear system. The global linear system is solved by iterative methods or direct methods. Here, we use the parallel direct method provided by MUMPS. Finally, we compute the potential fields (electrical, magnetic fields) using the previously solved solutions. 
Conclusions
We propose 3D CSEM forward modeling by decomposing the electric field in primary and secondary components.The secondary component was computed discretizing the equation for the electric field with the edge finite element.We use METIS with highly efficient load-balancing scheme to raise the parallel efficiency.The linear system of equations is solved using a multifrontal solver.The numerical results in this paper showed that the new parallel algorithm is robust and efficient.
